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[57] ABSTRACT 

A CMOS driver circuit (20) has a high impedance 
driver (3D) and a low impedance driver (36) connected 
to the near end of a transmission line (43). The output 
impedance of the high impedance driver (30) matches 
the characteristic impedance of the transmission line 
(43). As a digital signal from the CMOS driver circuit 
(20) transitions from one logic state to another, the low 
impedance driver (30) drives the transmission line (43) 
until a predetermined voltage before the signal reaches 
its steady state voltage. A sensing circuit (24) senses 
when the predetermined voltage is reached, and in re- 
sponse, provides a control signal to deactivate the low 
impedance driver (36). The high impedance driver (30) 
completes the signal transition. The high impedance 
driver (30) absorbs the reflected waves from the far end 
of the transmission line (43), reducing the effects of 
ringing, and increasing noise immunity. 

21 Claims, 2 Drawing Sheets 
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DRIVER CIRCUIT WITH SELF-ADJUSTING 
IMPEDANCE MATCHING 

FIELD OF THE INVENTION 5 

This invention relates generally to circuits, and more 
particularly, to a driver circuit with self-adjusting impe- 
dance matching. 

BACKGROUND OF THE INVENTION 10 

In integrated circuits, such as microprocessors, mem- 
ories, and the like, signals may be routed for relatively 
long distances using transmission lines. A transmission 
line may be a bus, a printed circuit board trace, or other j5 
type of relatively long metal line for transporting a 
digital signal. Typically, a printed circuit board trace 
has a characteristic impedance of between 50 and 75 
ohms. In CMOS (complementary metal-oxide semicon- 
ductor) circuits, the input impedance of a gate of a 20 
CMOS transistor is usually very high. The receiving 
end, or far end, of the transmission line is typically 
connected to an input of a logic circuit, where the input 
impedance is higher than the characteristic impedance 
of the transmission line. If the impedance coupled to the 25 
far end of the transmission line is different than the 
impedance of the near end, or sending end impedance, 
the signal may be reflected back to the sending end, 
causing the signal to overshoot a planned steady state 
voltage for the logic state. The signal may be reflected 30 
back and forth many times between the near end and the 
far end, causing oscillatory behavior of the signal at 
both ends. This repeated overshooting and undershoot- 
ing of the signal is commonly known as "ringing", and 
results in reduced noise immunity and increased time 
for the signal to become, and remain, valid at the far 
end. Impedance matching is the practice of matching 
the impedance of the driver and/or the load to the 
characteristic impedance of the transmission line to 
facilitate the most efficient transfer of power. 

A driver circuit is used to provide enough current to 
"drive" a signal the length of the transmission line. A 
CMOS driver circuit commonly includes a P-channel 
transistor and an N-channel transistor connected in 
series between a positive power supply voltage terminal 
and a ground terminal. The gates of the transistors re- 
ceive an input signal, and an output terminal of the 
driver chrcuit is located between the transistors. The 
P-chaimel transistor functions as a "pull-up" transistor, 
and the N-channel transistor functions as a "puU-down" 
transistor. The output impedance of the driver circuit 
should match the characteristic impedance of the trans- 
mission line in order for the driver circuit to absorb the 
reflected signal and prevent ringing. This would result 55 
in quieter waveforms, better noise immunity, and im- 
proved signal timing margin. 

When driving a digital signal, it is desirable for the 
signal to transition from one logic state to another logic 
state very quickly. To increase the driving capability of 60 
a CMOS driver, the size of the P-channel and N-chan- 
nel transistors are increased. However, increasing the 
size of the transistors also lowers the resistance of the 
transistors. A CMOS driver with an output impedance 
of 50-75 ohms to match the transmission line character- 65 
istic impedance would be too weak to switch the trans- 
mission line fast enough, for most reasonably sized 
transmission lines. 



SUMMARY OF THE INVENTION 

A driver circuit with self-adjusting impedance match- 
ing has a driver circuit and a sensing circuit The driver 
circuit includes a first driver portion and a second 
driver portion. The first and second driver portions arc 
both coupled to an output terminal. The first driver 
portion has a first impedance and the second driver 
portion has a second impedance. The driver circuit 
drives an output signal at the output terminal with both 
the first driver portion and the second driver portion in 
response to a control signal being at a flrst logic state. In 
response to the control signal being at a second logic 
state, the first driver jwrtion is disabled, and the driver 
circuit drives the output signal with the second driver 
portion. The sensing circuit senses when the output 
signal reaches a predetermined voltage during of a tran- 
sition of the output signal from a first voltage level to a 
second voltage level. In response to the output signal 
reaching the predetermined voltage, the sensing circuit 
causes the control signal to change from the first logic 
state to the second logic state. These and other features 
and advantages will be more clearly understood from 
the following detailed description taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates in block diagram fonn, a CMOS 
driver driver circuit in accordance with tlie present 
invention. 

FIG. 2 illustrates in schematic diagram form, the 
driver circuits of FIG. 1. 

FIG. 3 illustrates in schematic diagram form, the 
sensing circuits of FIG. 

FIG. 4 illustrates in partial logic diagram form and 
partial schematic diagram form, the select logic circuit 
of FIG. 1. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

Generally, the present invention provides a driver 
circuit with self-adjusting impedance matching. This is 
accomplished by having a first driver circuit with a 
relatively low output impedance and a second driver 
circuit with a relatively high output impedance coupled 
to a transmission line. A sensing ciroiit senses the logic 
state of the near end of the transmission line. The first 
driver circuit drives the transmission line until an output 
voltage on the transmission line nears its steady state 
value, then the first driver circuit is disconnected from 
the transmission line and the second driver circuit stays 
connected to the transmission line. This results in the 
output signal exhibiting minimal ringing, which allows 
for improved noise margin and higher operating speeds. 

The present invention can be more fully described 
with reference to FIG. 1-4. FIG. 1 illustrates in block 
diagram form, CMOS driver circuit 20 in accordance 
with the present invention. CMOS driver circuit 20 
includes driver circuits 22, sensing circuits 24, and se- 
lect logic circuits 26. 

Driver circuits 22 have a first input terminal for re- 
ceiving an input signal labeled "IN", second and third 
input terminals for receiving complementary control 
signals labeled "TS", and 'TS*", respectively, an out- 
put terminal for providing an output signal labeled 
"OUT", a fourth input terminal for receiving a control 
signal labeled "KILLN", and a fifth input terminal for 
receiving a control signal labeled "KILL?*". Note that 
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an asterisk (♦) after a signal name indicates that the P-channel transistor 37 has a source connected to VDDt 
signal is a logical complement of a signal having the a gate connected to the second drain/souxcc terminal of 
same name but lacking the asterisk, except that a logical N-channel transistor 40, and a drain for providing out- 
complement for control signal KILLP* is not illus- put signal OUT at output terminal 101. N-channel tran- 
trated. Also note that control signal KILLN is active at 5 sistor 38 has a drain connected to the drain of F-channd 
a logic high, and control signal KILLP* is active at a transistor 37, a gate connected to the second drain/- 
logic low. source terminal of P-channd transistor 42, and a source 

Sensing circuits 24 have a fust input terminal for connected to Wss- A transmission line 43 has a near end 
receiving a reference voltage labeled "REFHI", a sec- connected to output terminal 101, and a far end. The far 
ond input terminal for receiving a reference voltage 10 end is connected to a receiver (not shown) which could 
labeled "REFLO", a third input terminal connected to be an input terminal of a logic circuit, or the like, 
the output terminal of driver circuits 22 for receiving Input signal IN is a digital signal from a memory, 
output signal OUT, a first output terminal for providing microprocessor, or other type of integrated circuit that 
an active low control signal labeled "CNTRLHI", and can represent data, a control signal, or other type of 
a second output terminal for providing an active high 15 digital signal. Output signal OUT is a logical comple- 
control signal labeled "CNTRLLO". ment of input signal IN, and is provided to transmission 

Select logic circuit 26 has a first input terminal con- line 43, which may be a bus, printed circuit board trace, 
nected to the first input terminal of driver circuits 22 for or other type of relatively long metal line for transport- 
receiving input signal IN, a second input terminal con- ing digital signals. In a preferred embodiment, output 
nected to the first output terminal of sensing circuits 24 20 signal OUT is provided at TTL (transistor-transistor 
for receiving control signal CNTRLHI, a third input logic) levels, but in other embodiments, output signal 
terminal connected to the second output terminal of OUT can be provided at other logic levels, such as ECL 
sensing circuits 24 for receiving control signal (emitter-coupled logic), CMOS logic, or the like. High 
CNTRLLO, a fourth input terminal for receiving con- impedance driver circuit portion 30 has an output impe- 
trol signal TS, a fifth input terminal for receiving con- 25 dance of about 50-75 ohms, or whatever impedance is 
trol signal TS*, a first output terminal coupled to the needed to match the impedance of transmission line 43, 
fourth input terminal of driving circuits 22 for provid- and low impedance driver circuit portion 36 has a rela- 
ing control signal KILLN, and a second output termi- tively lower impedance, depending on the amount of 
nal coupled to the fifth input terminal of driving circuits driving ability needed. Driver circuit portions 30 and 36 
22 for providing control signal KILLP*. 30 together provide a high drive capability and are used to 

The operation of CMOS driver circuit 20 will be initially drive transmission line 43. Output signal OUT 
discussed with reference to FIGS. 2-4. is also received by sensing circuit 24, which senses 

FIG. 2 illustrates in schematic diagram form, driver when output signal OUT is within a predetermined 
circuits 22 of FIG. 1. Driver circuits 22 includes high voltage of the steady state value of output signal OUT 
impedance driver circuit portion 30, low impedance 35 in one of two logic levels. Then, driver circuit portion 
driver circuit portion 36, P-channel transistors 33, 39, 36 is turned off and driver circuit portion 30 continues 
and 42, and N-channel transistors 34, 40, and 41. Driver to drive transmission line 43. Since the output impe- 
circuit portion 30 includes P-channel transistor 31 and dance of driver circuit portion 30 closely matches the 
N-channel transistor 32, Driver circuit portion 36 in- characteristic impedance of the transmission line, the 
eludes P-channel transistor 37 and N-clmnel transistor 40 reflected signals from the far end are absorbed by driver 
38. circuit portion 30, thereby reducing ringing. 

P-channel transistor 33 has a source connected to a Control signals TS and TS* are tristate control sig- 
power supply voltage terminal labeled "VDd\ a gate nals which allow output terminal 101 to be undriven, or 
for receiving control signal TS, and a drain. P-channel left floating, if not used. Differential control signals TS 
transistor 31 has a source coimcctcd to the drain of 45 and TS* cause P-channel transistor 33 and N-channel 
P-channel transistor 33, a gate for receiving input signal transistor 34 to be conductive, thus deactivating driver 
IN, and a drain for providing output signal OUT at circuit portion 30, and cause control signals KILLN 
output terminal 101. N-chaimel transistor 32 has a drain and KILLP* to both become active, thus deactivating 
connected to the drain of P-channel transistor 31, a gate driver circuit portion 36. 

connected to the gate of P-channel transistor 31, and a 50 In operation, when input signal IN transitions from a 
source. N-channel transistor 34 has a drain connected to logic high voltage to a logic low voltage, output signal 
the source of N-channel transistor 32, a gate for receiv- OUT transitions from a logic low voltage to a logic 
ing control signal TS*, and a source connected to a high voltage. During the transition of output signal 
power supply voltage terminal labeled **Ws^\ N-chan- OUT from the logic low to the logic high voltage, 
nel transistor 40 has a first drain/source terminal con- 55 control signal KILLP* is a logic high voltage, causing 
nected to the gates of transistors 31 and 32, a gate for N-channd transistor 40 to be conductive and P-channel 
receiving control signal KILLP*, and a second drain/- transistor 39 to be non-conductive. P-channel transistor 
source terminal. P-channel transistor 39 has a source 37 and P-channel transistor 31 rapidly increase the volt- 
connected to Vdd, a gate connected to the gate of N- age of output signal OUT at output termmal 101. When 
channel transistor 40, and a drain connected to the sec- 60 output signal OUT reaches a predetermined voltage 
ond drain/source terminal of N-channel transistor 40. level below the logic high voltage, control signals 
P-channel transistor 42 has a first drain/source terminal KILLP* and KILLN become a logic low voltage. N- 
connected to the gates of transistors 31 and 32, a gate chaimel transistor 40 becomes substantially non-con- 
for receiving control signal KILLN, and a second ductive, and P-channel transistor 39 becomes conduc- 
drain/source terminal. N-channel transistor 41 has a 65 tive. This prevents driver circuit portion 36 from affect- 
drain connected to the second drain/source terminal of ing the voltage level of output signal OUT when output 
P-channel transistor 42, a gate connected to the gate of signal OUT nears the end of the transition. P-channel 
P-channel transistor 42, and a source cormected to Vss- transistor 31 continues to drive output signal OUT until 
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output signal OUT reaches it steady state logic liigh has a drain connected to VdDi a gate for receiving 
voltage. output signal OUT, and a source connected to the gate 

When input signal IN transitions from a logic low to of N-channel transistor 63. N-channel tranastor 65 has a 
a logic high voltage, output signal OUT transitions drain connected to the source of N-channel transistor 
from a logic high voltage to a logic low voltage. Con- 5 64, a gate connected to YuDi and a source connected to 
trol signal KILLN is a logic low voltage, which causes Vss^ 

P-channel transistor 42 to be conductive and N-channel Reference voltage REFLO is equal to a prcdetcr- 
transistor 41 to be substantially non-conductive. This mined voltage above Vss, and reference voltage 
allows input signal IN to be provided to the gate of REFHI is equal to a predetermined voltage below Vi>D. 
N-channel transistor 38 of driver circuit portion 36. 10 Vdd '^ a positive power supply voltage and Vss is 
N-channel transistors 32 and 38 rapidly decrease the ground. However, in other embodiments, \ss could be 
voltage of output signal OUT at output terminal 101. As a negative voltage and Vdd could be ground. The po- 
output signal OUT decreases to within a predetermined tential of reference voltages REFHI and REFLO is 
voltage above the steady state logic low voltage of determined by the signal swing of output signal OUT. 
output signal OUT, control signal KILLN becomes a 15 As stated above, in a preferred embodiment, output 
logic high voltage. This causes P-channel transistor 38 signal OUT is a TTL level signal, and the prcdctcr- 
to be substantially non-conductive, and N-channel tran- mined voltage is equal to about 0,8 volts, assuming a 
sistor 32 continues to reduce the voltage of output sig- power supply voltage of about 5.0 volts. Sensing cir- 
nal OUT to its steady state logic low voltage. cuits 45 and 46 detect when output signal OUT crosses 

FIG, 3 illustrates in schematic diagram form, sensing 20 reference voltages REFLO and REFHI, and in re- 
circuits 24 of FIG. 1. Sensing circuits 24 includes first sponse, provides control signals CNTRLLO and 
sensing circuit 45 and second sensing circuit 46. First CNTRLHI. Differential amplifiers 49 and 59 are rela- 
sensing circuit 45 includes P-channel transistors 47, 48, tively slow. Therefore, P-channel transistors 47 and 54 
54, and 55, and differential amplifier 49. Differential and N-Channel transistors 58 and 65 provide a level 
amplifier 49 includes P-channel transistors 50 and 51, 25 shifting function, that results in differential amplifiers 49 
and N-channel transistors 52 and 53. Second sensing and 59 operating in a higher gain portion of their oper- 
circuit 46 includes N-channel transistors 57, 58, 64, and ating range. 

65, and differential amplifier 59. Differential amphfier In sensing circuit 45, output signal OUT is compared 
59 includes P-charaiel transistors 60 and 61, and N- to reference voltage REFLO. If output signal OUT is a 
channel transistors 62 and 63. 30 higher voltage than reference voltage REFLO, then 

In first sensing circuit 45, P-channel transistor 47 has relatively more current is steered through P-channel 
a source connected to ^dd* a gate connected to transistor 50 than through P-channel transistor 51, and 

and a drain. P-channel transistor 48 has a source con- control signal CNTRLLO is provided as a logic low. If 
nected to the drain of P-channel transistor 47, a gate for output signal OUT is a lower voltage than reference 
receiving reference voltage REFLO, and a drain con- 35 voltage REFLO, then more current is steered through 
nected to V55. P-channel transistor 50 has a source P-channel transistor 51 and control signal CNTRLLO 
connected to Vdd, a gate connected to the drain of is provided as a logic high. 

P-channel transistor 47, and a drain. P-channel transis- Sensing circuit 46 operates similarly to sensing circuit 
tor 51 has a source connected to Vnih a gate, and a 45. If output signal OUT is a lower voltage than refer- 
drain for providing control signal CNTRLLO. N-chan- 40 ence voltage REFHI, then more current is steered 
nel transistor 52 has a drain connected to the drain of through N-channel transistor 62 than through N-chan- 
P-channel transistor 50, a gate connected to the drain of nel transistor 63, and control signal CNTRLHI is pro- 
P-channel transistor 50, and a source connected to V55, vided as a logic high. If output signal OUT is a higher 
N-channel transistor 53 has a drain connected to the voltage than reference voltage REFHI, then more cur- 
drain ofP-channel transistor 51, a gate connected to the 45 rent is steered through N-channel transbtor 63 and 
gate of N-channel transistor 52, and a source connected control signal CNTRLHI is provided as a logic low. 
to P-channel transistor 54 has a source connected FIG, 4 illustrates in partial logic diagram form and 
to V^Di a gate connected to and a drain coimected partial schematic diagram form, select logic circuit 26 
to the gate of P-channcl transistor 51. P-channcl transis- of FIG. 1. Select logic circuit 26 includes NAND logic 
tor 55 has a source connected to the drain of P-channel 50 gates 71 and 82, NOR logic gates 74 and 80, inverters 
transistor 54, a gate for receiving output signal OUT, 70, 72, 75, 81, and 83, latch 77, and transmission gates 73 
and a drain connected to V^j. and 76. Latch 77 includes inverters 78 and 79. Inverter 

In second sensing circuit 46, N-channel transistor 57 70 has an input terminal for receiving input signal IN, 
has a drain connected to VDlh a gate for receiving and an output terminal. NAND logic gate 71 has a first 
reference voltage REFHI, and a source. N-channel 55 input terminal, a second input terminal connected to the 
transistor 58 has a drain connected to the source of output terminal of inverter 70, and an output terminal. 
N-channel transistor 57, a gate conneaed to Vdd, and a Inverter 72 has an input terminal connected to the out- 
source connected to Vss^ P-channel transistor 60 has a put terminal of NAND logic gate 71, and an output 
source connected to Vuih a gate, and a drain. P-channel terminal. Transmission gate 73 has an input terminal for 
transistor 61 has a source connected to Vdd> a gate 60 receiving control signal CNTRLHI, a first control ter- 
connected to the gate of P-channel transistor 60, and a minal connected to the output terminal of inverter 72, a 
drain for providing control signal CNTRLHI. N-chan- second control terminal connected to the output termi- 
nel transistor 62 has a drain connected to both the drain nal of NAND logic gate 71, and an output terminal, 
and gate of P-channel transistor 60, a gate connected to Inverter 78 has an input terminal connected to the out- 
the source of N-channel transistor 57, and a source 65 put terminal of transmission gate 73, and an output 
connected to Vss- N-channel transistor 63 has a drain terminal. Inverter 79 has an input terminal connected to 
connected to the drain of P-channel transistor 61, a gate, the output terminal of inverter 78, and an output termi- 
and a source coimected to Vss- N-channel transistor 64 nal connected to the output terminal of transmission 
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gate 73. NOR logic gate 74 has a first input terminal high. Because transmission gate 76 is conductive, con- 
connected to the output terminal of inverter 70, a sec* trol signals KILLN and KILLP* are both a logic high, 
ond input terminal, and an output terminal. Inverter 75 thus causing N-channel transistor 38 to be non*conduc- 
has an input terminal connected to the output terminal tive. Control signal KILLF"^ is a logic high, which 
of NOR logic gate 74, and an output tenninaL Trans- 5 causes N-channel transistor 40 (FIG. 2) to be conduc- 
mission gate 76 has an input terminal for receiving con- tive, and P-cbannel transistor 37 to be non-conductive, 
trol signal CNTRLLO, a first control terminal con- N-channel transistor 32 continues to decrease the volt- 
nected to the output terminal of NOR logic gate 74, a age of output signal OUT to its steady state logic low 
second control terminal connected to the output tenni- voltage. Latch 77 temporarily latches node 102 to a 
nal of inverter 75, and an output termmal connected to 10 logic high, preventing control signals KILLN and 
the output tenninal of transmission gate 73. KILLP* from changing logic states in case output sig- 
NOR logic gate 80 has a first input terminal for re- qUT undershoots and then overshoots it steady 
ceiving control signal TS, a second input terminal con- gtate voltage and re-crosses reference voltage REFLO. 
nected to the output terminals of transmission gates 73 CMOS driver circuit 20 provides the advantages of 
and 76. and an output terminal. Inverter 81 has an input 15 maintaining strong drive capability for heavily capaci- 
terminal connected to the output tenninal of NOR logic i^^ds and high speed operation, while matching the 
gate 80. and an output termmal connotoi to the first characteristic impedance of the transmission line for 
mput tenmnal of NAND lo^^^ 71 for providmg absorbing reflected waves from the far end of the trans- 
control signal KILLN, NAND logic gate 82 has a first ^^^^^^ ^^^^ ^^^^^ Reducing the ring- 
mput temunal connected to the output tenmnals of 20 i^g increases noise immunity, and provides less delay 
transmissiongat^73and76 asecondmputtern^ from the time the driver transition occurs untU the far 
receivmg control signal TS*. and an output termmal. - ^ ^^^^j^ 

Inverter 83 has an mpit terminal comected to the out- ^ ^^^^^^ ^^^^^^ ^ ^^^^^ 

put termmal of NAND logic gate 82. and an ou put referred embodiment, it wiU be apparent to those 

tenninal connected to the second mput terminal of 25 "\ ^"^ 

NOR logic gate 74 for providing control signal sf^edm the art that the present mvention may be mo^^ 

j^j^j^p^ » t> f » o m numerous ways and may assume many embodi- 

In operation, select logic circuit 26 provides control '^^^ ^ specifically set out and described 

signals KILLN and KILLP* for controlling driver Accordingly, it is mtended by the appended 

circuits 22 (FIG. 2), based on the logic states of control 30 f^. ^l^^^;^^ modifications of the invention which 

signals CNTRLHI and CNTRLLO and input signal fal| within the true spint and scope of the mvention. 

J2^ What IS claimed is: 

When input signal IN transitions from a logic high to 1- driver circuit with self-adjusting impedance 

a logic low, output signal OLTT transitions from a logic matchmg, compnsmg: 

low to a logic high. Transmission gate 73 is conductive. 35 ^ dnver portion havmg an output tenninal of a 

Transmission gate 76 is substantially non-conductive output impedance, the first driver portion for 

because input signal IN is a logic low. P-channcl transis- driving an output signal on a transmission line in 

tors 31 and 37 work together to rapidly increase the response to a control signal being in a first logic 

voltage of output signal OUT at output terminal 101. ^^ate; 

The voltage of output signal OUT increases until output 40 ^ second driver portion having an output tenninal of 

signal OUT crosses reference voltage REFHI. Control * second output impedance coupled to the output 

signal CNTRLHI then becomes a logic low, and since tenninal of the first driver portion, the second 

transmission gate 73 is conductive, control signals driver portion for driving the output signal on the 

KILLP* and KILLN are both at a logic low, causing transmission lin^ and 

P-channel transistor 37 to be non-conductive. P-channel 45 ^ sensing circuit, coupled to the output terminals of 

transistor 42 (FIG. 2) is conductive because control the first and second driver portions, for sensing 

signal KILLN is a logic low, and N-channel transistor when the output signal reaches a predetermined 

38 is substantially non*conductive. P-channel transistor voltage before the output signal reaches a steady 

31 continues to increase the voltage of output signal state voltage while the output signal is transitioning 

OUT to its steady state logic high voltage. Latch 77 50 from a first voltage level to a second voltage level, 

temporarily latches node 102 to a logic low, preventing and in response to the output signal reaching the 

control signals KILLN and KILLP* from changing predetermined voltage, the sensing circuit causing 

logic states in case output signal OUT overshoots and tl^e control signal to change from the first logic 

then undershoots its steady state voltage and re-crosses state to a second logic state, 

reference voltage REFHI. Reflected waves from the 55 2. The driver circuit of claim 1; wherein the first 

far end of transmission line 43 are absorbed by driver output impedance is lower than the second output impe- 

circuit portion 30 because the output impedance of dance, and the second impedance is substantially equal 

driver circuit portion 30 closely matches the character- to a characteristic impedance of a transmission line 

istic impedance of transmission line 43. coupled to the output terminal. 

When input signal IN transitions from a logic low to 60 3. The driver circuit of claim 1, wherein the first 

a logic high, output signal OUT transitions from a logic driver portion comprises: 

high to a logic low. Transmission gate 76 is conductive. a first P-channel transistor having a first current elec- 

Transmission gate 73 is substantially non-conductive trode coupled to a first power supply voltage ter- 

because input signal IN is a logic high. N-channel tran- minal, a control electrode, and a second current 

sistors 32 and 38 work together to rapidly decrease the 65 electrode for providing the output signal; and 

voltage of output signal OUT at output terminal 101 a first N-channel transistor having a first current 

until output signal OUT crosses reference voltage RE- electrode coupled to the second current electrode 

FLO. Control signal CNTRLLO then becomes a logic of the first P-channel transistor, a control elec- 
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trode, and a second current electrode coupled to a 
second power supply voltage terminal, 

4. The driver circuit of claim 3, wherein the second 
driver portion comprises: 

a second P-channel transistor having a first current 5 
electrode coupled to the first power supply voltage 
terminal, a control electrode for receiving an input 
signal, and a second current electrode for provid- 
ing the output signal; and 

a second N-channel transistor having a first current 10 
electrode coupled to the second current electrode 
of the second F-channel transistor, a control elec- 
trode for receiving the input signal, and a second 
current electrode coupled to the second power 
supply voltage terminal. IS 

5. The driver circuit of claim 4, further comprising: 
a third N-channel transistor having a first current 

electrode coupled to the control electrode of the 
second P-channel transistor, a control electrode for 
receiving the control signal, and a second current 20 
electrode coupled to the control electrode of the 
first P-channel transistor; 

a third P-channcl transistor having a first current 
electrode coupled to the control electrode of the 
second N-chsomel transistor, a control electrode 25 
for receiving a second control signal, and a second 
current electrode coupled to the control electrode 
of the first N-channel transistor, 

a fourth P-channel transistor having a first current 
electrode coupled to the first power supply voltage 30 
terminal, a control electrode coupled to the control 
electrode of the third N-channel transistor, and a 
second current electrode coupled to the second 
current electrode of the third N-chaimel transistor; 
and 35 

a fourth N-channel transistor having a first current 
electrode coupled to the second current electrode 
of the third P-<:hannel transistor, a control elec- 
trode coupled to the control electrode of the third 
P-channel transistor, and a second current elec- 40 
trode coupled to the second power supply voltage 
terminal. 

6. The driver circuit of claim 5, wherein the sensing 
circuit comprises: 

a first differential amplifier having a first input termi- 45 
nal for receiving a first reference voltage, a second 
input terminal for receiving the output signal, and 
an output terminal for providing the control signal; 
and 

a second differential amplifier having a first input 50 
terminal for receiving a second reference voltage, a 
second input terminal for receiving the output sig- 
nal, and an output terminal for providing ^e sec- 
ond control signal. 

7. The driver circuit of claim 1, further comprising a 55 
select logic circuit, coupled to the sensing circuit, for 
ensuring that the control signal remains in the second 
logic state when the output signal reaches the predeter- 
mined voltage. 

8. The driver circuit of claim 7, further comprising 60 
means for tristating the driver circuit. 

9. A CMOS driver circuit with self-adjusting impe- 
dance matching, comprising: 

a first driver portion having an output terminal of a 
first output impedance, the first driver portion for 65 
driving a transmission line; 

a second driver portion having an output terminal of 
a second output impedance, the second driver por- 
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tion for drivmg the transmission line, the output 
terminal of the second driver portion being cou- 
pled to the output terminal of the first driver por- 
tion; 

a first differential amplifier circuit having a first input 
terminal for receiving a first reference voltage, a 
second input terminal coupled to' the transmission 
line, and an output terminal for providing a fu-st 
control signal; and 

a second difTerential amplifier circuit having a first 
input terminal for receiving a second reference 
voltage, a second input terminal coupled to the 
transmission line, and an output terminal for pro- 
viding a second control signd; 

wherein both the first and second driver portions 
initially drive the transmission line as an output 
signal transitions from a first voltage level to a 
second voltage level, and when the output signal 
reaches a predetermined voltage from the first or 
second voltage levels, either the first or the second 
control signal causing the first driver portion to be 
disabled. 

10. The CMOS driver circuit of claim 9, wherein the 
first driver portion comprises: 

a first P-channel transistor having a first current elec- 
trode coupled to a first power supply voltage ter- 
minal, a control electrode, and a second current 
electrode for providing the output signal; and 

a first N-channel transistor having a first current 
electrode coupled to the second current electrode 
of the first P-channel transistor, a control elec- 
trode, and a second current electrode coupled to a 
second power supply voltage terminal. 

11. The CMOS driver circuit of claim 10, wherein the 
second driver portion comprises: 

a second P-channel transistor having a first current 
electrode coupled to the first power supply voltage 
terminal, a control electrode, and a second current 
electrode for providing the output signal; and 

a second N-channel transistor having a first current 
electrode coupled to the second current electrode 
of the second P-channel transistor, a control elec- 
trode, and a second current electrode coupled to 
the second power supply voltage terminal. 

12. The CMOS driver circuit of claim 9, wherein the 
furst output impedance is less than the second output 
impedance, and the second output impedance is sub- 
stantially equal to a characteristic impedance of the 
transmission line. 

13. The CMOS driver circuit of claim 9, wherein the 
first reference voltage is equal to a predetermined value, 
and the second reference voltage is equal to about a first 
power supply voltage minus the predetermined value. 

14. The CMOS driver circuit of claim 9, further com- 
prising a select logic circuit, the select logic circuit 
coupled to the first and second differential amplifiers 
and to the first and second driver portions, the select 
logic circuit for ensuring that the first driver portion 
remains disabled when the output signal ends a transi- 
tion from a high voltage level to a low voltage level, or 
the output signal ends a transition from the low voltage 
level to the high voltage level. 

15. The CMOS driver circuit of claim 14, wherein the 
select logic circuit comprises: 

a first inverter having an input terminal for receiving 
an input signal, and an output terminal; 
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a first NAND logic gate having a first input terminal, 
a second input terminal coupled to the output ter- 
minal of the first inverter, and an output terminal; 

a first NOR logic gate having a first input terminal 
coupled to the output terminal of the fkst inverter, 5 
a second input terminal, and an output terminal; 

a second inverter having an input terminal coupled to 
the output terminal of the first NAND logic gate, 
and an output terminal; 

a third inverter having an input terminal coupled to 10 
the output terminal of the fkst NOR logic gate, and 
an output terminal; 

a first transmission gate having an input terminal for 
receiving the second control signal, an output ter- 
minal, a first control terminal coupled to the output 
terminal of the second inverter, and a second con- 
trol terminal coupled to the output terminal of the 
first NAND logic gate; 

a second transmission gate having an input terminal 
for receiving the first control signal, an output 
terminal coupled to the output terminal of the first 
transmission gate, a first control terminal coupled 
to the output terminal of the first NOR logic gate, 
and a second control terminal of the third inverter; 

a latch, coupled to the output terminals of the first 
and second transmission gates; 

a second NOR logic gate having a first input terminal 
for receiving a first tristate control signal, a second 
input terminal coupled to the output terminals of 
the first and second transmission gates, and an out- 
put terminal; 

a second NAND logic gate having a first input termi- 
nal coupled to the output terminals of the first and 
second transmission gates, a second input terminal 35 
for receiving a second tristate control signal, and 
an output terminal; 

a fourth inverter having an input terminal coupled to 
the output terminal of the second NOR logic gate, 
and an output terminal coupled to the first input 4^ 
terminal of the first NAND logic gate; and 

a fifth inverter having an input terminal coupled to 
the output terminal of the second NAND logic 
gate, and an output terminal coupled to the second 
input terminal of the first NOR logic gate. 45 

16. A CMOS driver circuit with self-adjusting impe- 
dance matching, comprising: 

a first driver portion having an output terminal of a 
first output impedance, the first driver portion for 
driving a transmission line in response to first and 50 
second control signal being inactive; 

a second driver portion having an output terminal of 
a second output impedance, the second driver por- 
tion for driving the transmission line, the output 
terminal of the second driver portion being cou- 55 
pled to the output terminal of the first driver por- 
tion, the first output impedance being less than the 
second output impedance; 

a first differential amplifier circuit having a first input 
terminal for receiving a first reference voltage, a 60 
second input terminal coupled to the output termi- 
nals of both of the first and second driver portions, 
and an output terminal for providing a third con- 
trol signal; 

a second differential amplifier circuit having a first 65 
input terminal for receiving a second reference 
voltage, a second input terminal coupled to the 
output terminal of both of the first and second 



182 

12 

driver portions, and an output tenninal for provid- 
ing a fourth control signal; and 

a select logic circuit having a first input terminal 
coupled to the output terminal of the first differen- 
tial amplifier circuit for receiving the third control 
signal, a second input terminal coupled to the out- 
put terminal of the second differential amplifier 
circuit for receiving the fourth control signal, a 
third input terminal for receiving an input signal, 
and first and second output terminals for providing 
the first and second control signals, respectively^ 

wherein both the first and second driver portions 
drive the transmission line as an output signal on 
the transmission line transitions from a low voltage 
level to a high voltage level, and when the output 
signal reaches a first predetermined voltage below 
the high voltage level, as determined by the first 
reference voltage, the first control signal becomes 
active to disable the first driver portion; and 

wherein both the first and second driver portions 
drive the transmission line as the output signal 
transitions from the high voltage level to the low 
voltage level, and when the output signal reaches a 
second predetermined voltage above the low volt- 
age level, as determined by the second reference 
voltage, the second control signal becomes active 
to disable the first driver portion. 

17- The CMOS driver circuit of claim 16, wherein the 
first driver portion comprises: 

a first P-chaimel transistor having a first current elecr 
trode coupled to a first power supply voltage ter- 
minal, a control electrode, and a second current 
electrode; and 

a first N-channel transistor having a first current 
electrode coupled to the second current electrode 
of the first P-channel transistor, a control elec- 
trode, and a second current electrode coupled to a 
second power supply voltage terminal. 

18. The CMOS driver circuit of claim 17, wherein the 
second driver portion comprises: 

a second P-channel transistor having a first current 
electrode coupled to the first power supply voltage 
terminal, a control electrode for receiving the input 
signal, and a second current electrode for provid- 
ing the output signal; and 

a second N-channel transistor having a first current 
electrode coupled to the second current electrode 
of the second P-channel transistor, a control elec- 
trode for receiving the input signal, and a second 
current electrode coupled to the second power 
supply voltage terminal, 

19. The CMOS driver circuit of claim 18, further 
comprising: 

a third P-channel transistor coupled between the first 
current electrode of the second P-channel transis- 
tor and the first power supply voltage terminal, the 
third P-channel transistor responsive to a first tri- 
state control signal; and 

a third N-channel transistor coupled between the 
second current electrode of the second N-channd 
transistor and the second power supply voltage, 
terminal, the third P-channel transistor responsive 
to a second tristate control signal. 

20. The CMOS driver circuit of claim 16, further 
comprising: 

a third N-channel transistor having a first current 
electrode coupled to the control electrode of the 
second P-channel transistor, a control electrode for 
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receiving the first control signal, and a second 
current electrode coupled to the control electrode 
of the first P-channel transistor; 

a third P-channel transistor having a first current 
electrode coupled to the control electrode of the 5 
second N-channel transistor, a control electrode 
for receiving the second control signal, and a sec- 
ond current electrode coupled to the control elec- 
trode of the first N-channd transistor; 

a fourth P-channel transistor having a first current 10 
electrode coupled to the first power supply voltage 
terminal, a control electrode coupled to the control 
electrode of the third N-channel transistor, and a 
second current electrode coupled to the second 
current electrode of the third N-channel transistor; 15 
and 

a fourth N-channel transistor having a first current 
electrode coupled to the second current electrode 
of the third P-channel transistor, a control elec- 
trode coupled to the control electrode of the third 20 
P-chanriel transistor, and a second current elec- 
trode coupled to the second power supply voltage 
terminal. 

21. The CMOS driver circuit of claim 16, wherein the 
select logic circuit comprises: 25 

a first inverter having an input terminal for receiving 
an input signal, and an output terminal; 

a first NAND logic gate having a first input terminal, 
a second input terminal coupled to the output ter- 
minal of the first inverter^ and an output terminal; 30 

a first NOR logic gate having a first input terminal 
coupled to the output terminal of the first inverter, 
a second input terminal, and an output terminal; 

a second inverter having an input terminal coupled to 
the output terminal of the first NAND logic gate, 35 
and an output terminal; 
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a third inverter having an input terminal coupled to 
the output terminal of the first NOR logic gate, and 
an output terminal; 

a first transmission gate having an input terminal for 
receiving the second control signal, an output ter- 
minal, a first control terminal coupled to the output 
terminal of the second inverter, and a second con- 
trol terminal coupled to the output terminal of the 
first NAND logic gate; 

a second transmission gate having an input terminal 
for receiving the first control signal, an output 
terminal coupled to the output terminal of the first 
transmission gate, a first control terminal coupled 
to the output terminal of the first NOR logic gate, 
and a second control terminal of the third inverter; 

a latch, coupled to the output terminals of the first 
and second transmission gates; 

a second NOR logic gate having a first input terminal 
for receiving a fu^ tristate control signal, a second 
input terminal coupled to the output terminals of 
the first and second transmission gates, and an out- 
put terminal; 

a second NAND logic gate having a first input termi- 
nal coupled to the output terminals of the first and 
second transmission gates, a second input terminal 
for receiving a second tristate control signal, and 
an output terminal; 

a fourth inverter having fin input terminal coupled to 
the output terminal of the second NOR logic gate, 
and an output terminal coupled to the first input 
terminal of the furst NAND logic gate; and 

a fifth inverter having an input terminal coupled to 
the output terminal of the second NAND logic 
gate, and an output terminal coupled to the second 
input terminal of the first NOR logic gate. 

* * # * 4i 
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